Purpose The aim of our study was to investigate trends over time in the mortality of elderly patients after femoral neck fractures treated with bipolar hemiarthroplasty. Methods Altogether 487 cases of femoral neck fracture treated with bipolar hemiarthroplasty were observed during a 20-year period. Mortality rates were calculated for five years postoperatively. To account for the age distribution of the study population standardised mortality ratios (SMR) with respect to the age-specific mortality of the German population were determined and compared. Additional changes of the SMRs over time and the influence of the time delay before surgery on long-term mortality were evaluated. Results Femoral neck fractures treated with bipolar hemiendoprosthesis have a significant impact on mortality. Postoperative mortality is increased in patients of all age groups, but the effect diminishes in higher age groups. The influence on mortality was significantly greater for men than for women. The SMR has decreased from 3.52 before 1995 to 1.2 after 2006. Since 2006 there is no longer an increase in mortality after surgical treatment of a femoral neck fracture compared to general German population of the same age. Conclusion Femoral neck fractures treated with bipolar hemiendoprosthesis result in a significantly increased mortality, however in our population this impact has significantly decreased over time. The effect on mortality is less in women and higher age groups than in men and younger patients. No influence of the time between accident and surgery on mortality could be detected.
Introduction
Worldwide about 1.7 million mainly older people sustain a hip fracture every year [1] . In Germany the incidence of femoral neck fractures in patients older than 65 years was 966 of 100,000 persons per year in 2001 [2] . Considering a general increase in life expectancy, these injuries will become more frequent and a tripling of hip fractures is expected within the next 50 years [1] .
Femoral neck fractures in elderly patients are usually treated surgically. Available procedures can be differentiated between those with or without preservation of the femoral head. Hip joint-preserving surgical procedures often do not allow early weight bearing and high revision rates are reported [3] [4] [5] . Therefore especially in geriatric patients the preferred therapy option is hip arthroplasty, while in younger patients a hip-preserving procedure is preferred [6] . However, the ideal surgical treatment and the implications of a delayed treatment of elderly patients with displaced femoral neck fracture are still controversial [4, [7] [8] [9] [10] [11] [12] .
As a result of femoral neck fractures patients do not only have a significantly increased risk of permanent physical disability and social dependency, but these injuries also are associated with significant mortality [13, 14] . The one-year mortality rates reported in literature range from 11 to 36 % [1, [15] [16] [17] . Although the implantation of bipolar hemiendoprosthesis in geriatric patients is currently the procedure of choice, data on long-term mortality are sparse [10, 18, 19] .
The aim of our study was to determine the influence of femoral neck fracture treated with bipolar hemiarthroplasty on mortality and to compare these mortality rates over a time frame of 20 years.
In this analysis the times of survival of all patients treated with bipolar hemiarthroplasty for a displaced femoral neck fracture treated at our institution between 1989 and 2003 have been collected and standardised mortality ratios (SMR) have been determined. Additionally, the SMR ratios and the influence of delay before surgery have been examined. The SMR during different observation periods was analysed to determine changes in relative mortality risk over time.
Patients and methods
Altogether 487 cases of traumatic displaced femoral neck fractures treated by bipolar hemiarthroplasty between 1989 and 2003 at the authors' institution were collected retrospectively and included in this study. According to the German Society of Gerontology and Geriatrics a geriatric patient was defined as being older than 70 years of age or suffering geriatric multimorbidity. Patients with pathological fractures and bipolar hemiarthroplasty due to failed internal fixation were excluded. All participating surgeons were experienced in arthroplasty. Demographic data including patients' gender, age, and the date of accident, hospital admission and surgery were collected. At the end of the follow-up evaluation in December 2009 the dates of death of all deceased patients were requested from the responsible registry offices. To evaluate the influence of femoral neck fractures and bipolar hemiarthroplasty on mortality in comparison to a general population, standardised mortality ratios with respect to the age-specific mortality of the German population were calculated. The SMR is defined as the ratio of the number of observed deaths in the study population to the expected number of deaths that occur under the age-specific mortality pattern of a reference population. Thus, the measure reflects the mortality risk attributed to femoral neck fractures. An SMR of 1 implies that the number of deaths observed in the study population is exactly the same as the number of expected deaths in a population without femoral neck fractures, implying that this injury would not have an influence on mortality. An SMR above 1 (below 1) indicates higher (lower) mortality than expected in a general population. For example, an SMR of 1.45 means that the observed mortality for patients with femoral neck fractures is 45 % higher or 1.45 times as high as the mortality expected in a general population with the same age distribution.
In order to compare different SMRs via relative SMRs a Poisson regression was used. Age, gender and the observation period were selected as covariates. For example, the relative SMR for gender is the ratio of the observed deaths for women to the observed deaths for men, weighted with the ratio of the expected deaths for men to women. Thus a relative SMR of 1.13 means that the mortality for women compared to men is 1.13 times as high in a population with femoral neck fractures as the mortality for women compared to men in an healthy population with the same age distribution.
Average measures are displayed with range and their standard deviations and SMRs with 95 % confidence intervals (CI).
Results
The average age of the 396 female and 91 male patients was 81.5 (48-99;±8.1) years at the time of accident. Female patients had an average age of 82.1 (50-99;±7.7) years and were significantly (p00.004) older than males with an average age of 79.0 (48-95;±9.6) years. The median time between accident and the surgical treatment was one day. At the end of our follow-up evaluation 409 patients had died.
For all calculations living patients were treated as right censored data. The median survival time after injury was 34.9 (CI 28.2 -44.2) months. Averaging 89 (CI 88 -89) years of age, female patients reached higher ages than males who averaged 85 (CI 82 -86) years. Mortality during the first year after surgery was 27.7 %. This figure decreased to 14.6 % within the second, 8.4 % in the third, 5.5 % in the fourth and 4.9 % within the fifth year.
Calculating the overall standardised mortality ratio (SMR), we found an SMR of 1.85 (CI 1.68-2.04), which means that a femoral neck fracture treated with bipolar hemiarthroplasty increases the mortality 1.85 times. Additionally, a sex-related difference in mortality rates could be shown. The mortality after femoral neck fracture and bipolar hemiarthroplasty was 1.73 times (CI 1.56-1.93) higher than expected in women and 2.56 (CI 2.05-3.18) higher than expected in men (Table 1) . Following the relative SMR for gender, the chance of death after implantation of a bipolar hemiarthroplasty earlier than expected, was 1.42 (CI 1.10-1.83) times greater for men than for women.
The observed mortality differs significantly from the expected in all age groups (Table 2 ). Comparing the SMR for different patient ages at the time of accident revealed a decreasing influence with increasing age, as shown by the SMR converging to 1 in older patient groups. The least difference was observed in patients older than 89 years of age (SMR 1.34, CI 1.12-1.61). In patients over 89 years of age the mortality was increased significantly less after hemiarthroplasty compared to younger patients (Table 3) .
When analysing the effects over the observation period of 20 years, a significant decrease in mortality over time is apparent (Fig. 1) .
Concerning the time between accident and surgery in the different observation periods, the proportion of early operative treatments increased significantly over the observation period. During the period from 1989 to 1995 only 9 % of the patients were treated on the day of hospital admission, whereas this figure increased to 31 % in the period 1996-2000, and to 69 % in 2001-2005. However, comparing the SMR of patients treated within 48 hours after injury with patients treated later we did not find significant differences.
Discussion
Displaced fractures of the femoral neck are frequent and serious injuries especially in geriatric patients. As a result of the increasing life expectancy and growing population of elderly people, this represents an increasing issue. In addition to efforts to provide adequate treatment yielding good functional outcome for the individual patient, economic considerations on the treatment options also need to be taken into consideration.
The high average patient age (81 years) and high proportion of female patients (82 %) in our study is similar to other series [9, 13, 17, 18, 20] .
The overall SMR showed that the mortality in the study population is 1.85 times as high as in a population of the same age without femoral neck fractures. Even though such an analysis cannot rule out all confounding variables the observed effect is probably attributable to the femoral neck fracture treated by bipolar hemiarthroplasty. Represented by the smaller difference between observed and expected mortality, women seem to be affected less than men.
So far randomised trials have not shown significant differences in mortality rates between different surgical procedures for hip fractures. However, superior results in pain, patient satisfaction, quality of life and need for revision surgery are reported after primary arthroplasty [3, 4, 8, 21] . Disadvantages on the other hand are prolonged operating time, increased blood loss and higher infection rates [3] . Apart from total hip arthroplasty, bipolar hemiarthroplasty is an option for displaced femoral neck fractures. While total hip replacement provides comparable results in the mediumterm, the functional long-term results are superior to bipolar hemiarthroplasty [4, 22] . Advantages of hemiarthroplasty are the lower surgical stress with less blood loss, and fewer dislocations with similar mid-term functional outcome compared to total hip replacement [4, 23] . The disadvantages of hemiarthroplasty are the loss of function over time and the erosion of the acetabulum that correlates with the physical activity [3, 4, [24] [25] [26] . However, a recent survey of American surgeons showed that primary hemiarthroplasty is the treatment of choice for displaced femoral neck fractures in geriatric patients [19] .
In addition to the risk of persistent physical limitation up to social dependency [14] , a significant mortality after hip fractures is described. During the first year after femoral neck fractures a mortality of 11-36 % is reported [1, 15-17, 27]. With 28.3 % one year mortality rate this study is comparable to the literature mentioned above. The high mortality rate within the first year is well documented, but offers few clues to the mortality during the following years. Even though several studies show a high one-year mortality rate, few studies evaluated mortality of geriatric patients over the course of more than one year [17, 18, 20] . Due to comorbidities and general health issues elderly patients have higher mortality rates even in the absence of injuries and surgical events, hence an analysis focussing on the impact of an event on mortality should present values relative to a comparable population. As yet there are few studies comparing the long-term mortality after implantation of a bipolar hemiarthroplasty in femoral neck fracture with the mortality in a general population [18] . In this study SMRs were used to explore this issue. By this comparative approach the influence of displaced femoral neck fracture treated with bipolar hemiarthroplasties on the mortality of elderly people was evaluated over time.
In a retrospective analysis of 241 cases of bipolar hemiarthroplasty for displaced femoral neck fracture Lim et al. demonstrated a significant correlation between higher patient age and rising mortality [17] . In this study mortality was not compared to a matched population, therefore the actual impact of injury and treatment remains unclear. The data in our study demonstrates a similar increase of mortality with age, although we are unable to show a difference in patients above age 89. The fact that with increasing age, the mortality rates approach those of a general population may be based on the general life expectancy and less measurable impact of injury and surgery on mortality.
The most striking finding of our study is the decease in SMR over time. Whereas from 1989 to 1995 the highest SMR was observed, a significant trend toward lower SMR over time was seen, and during the period from 2006 to 2009 the SMR was not significantly higher than 1. This could be explained by improved care and the observed trend towards early surgical treatment. However this should be interpreted cautiously since one limitation of this study is the fact that within the last observation period no surgical treatment was performed and hence the early postoperative mortality is not represented.
In a retrospective matched-pair cohort study including data from external quality assurance of 2004 to 2006, Smektala et al. found a higher rate of intra-and postoperative complications, and development of pressure ulcers in patients receiving surgical therapy later than 48 hours after admission to hospital. However a correlation between mortality during hospital stay and the time to treatment could not be detected [28] . In contrast to our study, Smektala et al. included femoral neck fractures regardless of the surgical treatment. Furthermore, only the effect on in-hospital mortality was evaluated. Our data does also not display a significant influence of delayed surgery on mortality. Evaluating the factors influencing mortality after bipolar hemiarthroplasty for femoral neck fractures, Eiskjaer et al. could not show an influence of the timing of surgery on mortality after six or 12 months [9] . In a study on mortality of elderly patients with surgically treated femoral neck fractures, Kopp et al. showed a significantly reduced life expectancy in patients with high age, multiple pre-existing conditions and poor mobility before the accident, nor could an influence of delayed therapy be detected [29] . In contrast, Lim et al. pointed out a raised mortality due to a delay before surgery of more than five days whereas any delay shorter than that did not have an influence on mortality [17] .
We could not identify a significant effect of a delayed therapy on postoperative mortality, however the study might be underpowered to draw this conclusion. The significant trend towards earlier treatment of patients with femoral neck fractures in our series over the observation period could possibly be a reason for the lower SMR in the later observation periods. However, due to a low number of patients with a delay of more than three days we could not test for the influence of longer delays.
Conclusion
Femoral neck fractures treated with bipolar hemiendoprosthesis result in a significantly increased mortality; however, in our population this impact decreased over time. In women mortality is less increased than in men. Influence of the time between accident and surgery on mortality could not be detected. The significant decrease in mortality over recent years suggests that bipolar hemiarthroplasty is an increasingly secure treatment option for elderly patients sustaining a femoral neck fracture.
